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Abstract Background. Endemic cretinism, caused by
severe iodine deficiency during pregnancy, is the world's
most common preventable cause of mental retardation. It
can be prevented by iodine treatment before conception,
but whether it can be prevented or ameliorated by treat-
ment during pregnancy or after delivery is not known.
Methods. In a severely iodine-deficient area of the
Xinjiang region of China, we systematically administered
iodine to groups of children from birth to three years of
age (n=689)-and women at each trimester of pregnancy
{n=295); we then followed the weatea chitdren and the
babies bom to the treated womer: for %S years. We ussd
three independent measures of neural development: the
results of the neurologic examination, the head circumfer-
ence (which correlates with brain weight in the first post-
natal year), and indexes of cognitive and motor devel-
opment. Untreated children one to three years of age,
who were studied when first seen, served as control sub-

Results. The prevalence of moderate or severe neu-
rologic abnormalities among the 120 infants whose moth-

EVERE endemic iodine deficiency causes endemic
cretinism, characterized by deaf-mutism, intellec-
tual deficiency, rigid-spastic motor disorder, and some-
times hypothyroidism.! Crctinism occurs in as man)

nities in many areas of the worid,® and 3t is \.vna-uucd
the world’s most common preventable cause of mental
retardation.®’ In iodine-deficient populations, a mild
degree of mental impairment occurs five times as fre-
quently as cretinism®? and the IQ curve of thé popula-
tion can be shifted 10 points to the left.!’®

Endemic cretinism can be prevented by iodine treat-
ment, but its pathogenesis remains obscure. Treatment
of sporadic congenital hypothyroidiszn with thyroid
hormone beginning in the neonatal period permits nor-
mal neurologic development'’; however, iodine treat-
ment at birth does not prevent endemic cretinism,'?
which is caused by a combination of maternal and fetal
hypothyroxinemia during gestation.!*!¢ The mecha-
nism and the timing of this developmenral injury have
not been identified. We designed this studv to clarify
the time during fetal and postnatal development when
iodine supplementation is effective in preventing brain

damage and, conversely, the stage of development at

which iodine deficiency results in brain damage that is
not reversible by iodine treatment. The study was per-
formed in an area of severe iodine deficiency; we stud-
jed the base-line situation, provided iodine to pregnant
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ers received iodine in the first or second trimester was
2 percent, as compared with 9 percent among the 752 in-
fants who received iodine during the third trimester
(through the treatment of their mothers) or after birth
(P =0.008). The prevalence of microcephaly (defined as a
head circumference more than 3 SD below U.S. norms)
decreased from 27 percent in the untreated children to 11
percent in the treated children {P=0.006), and the mean
(xSD) developmental quotient at two years of age in-
creased (30x14, vs. 75+18 in the untreated children;
P<0.001). Treatment in the ud MESTST Si prégnancy of
alter gelvery oo not 1mprove neUroiogic staius, bui head
growth and developmental quotients improved slightly.
Treatment during the first trimester, which was technically
problematic, improved the neurologic outcome.

Conclusions. Up to the end of the second trimester,
iodine treatment protects the fetal brain from the effects
of iodine deficiency. Treatment later in pregnancy or after
delivery may improve brain growth and developmental
achievement slightly, but it does not improve neurologic
status. (N Engl J Med 1994;331:1739-44.)

women and young children, and then followed the
women's babies and the treated children over time.

METHODS

Hotien Prefecture in Xinjiang-Uighur Autonomeue Region, Peo-
pie’s Repubiic of China (population. 1.2 miltion). is an area of severe
lodime deticiency i whicn adequate iodine inrake has no. been
achieved and in which cretinism occurs frequently. The concentra-
tions of iodine in the water and soil are among the lowest ever re-
corded. The area is in the Takla Makan Desert on an alluvial plain
ncar the Kunlun Mountains.

This study was carried out during the period 1990 through 1994
by a joint Chinese~Uighur-U.S. team in @ight villages (each of about
300 families) in Tusala township (population, 31,000}, located 6 km
from the city of Hotien in the Karakax River plain. Severe iodine de-
ficiency has long been recognized in this region® 2 percent of the peo-’
ple had cretinism and 54 percent had visible goiter in a 1990 survey;
the median urinary jodine excretion is 10 to 25 ug per liter (0.08 to
0.2 umol per liter), the iodine content in water is 1.2 ug per liter
(0.01 umol per liter), and that in soil is 7 to 240 ug per kilogram
{0.06 to 1.9 gmal pek.ﬂogn.m) (unpublished data). The people are
Uighurs, of Turkic origin, who live as subsistence farmers. The an-
nual family income ranges from $70 to $250 (U.S.). The annual birth
saic is 2.2 peroens {based on village records). Infamt mortality is
high, protein-enerzy malnuirition is nearly universal in young chil-
dren, ana nckets is common.

Previous systematic jodine-treatment programs, including those
using iodized salt, intramuscular injections of iodinated oil (in 1984),
and the oral administration of iodinated oil (in 1988), have not been
effective in preventing iodine deficiency on a long-term basis in this
region. No records of these programs exist, but retrospective ques-
uonm;mdn&edthnt‘ewwommdchldhemngagehadmwved
jodine. In amy event, the: effect would have before 1990 be.
cause ol isdinated oil provides: pratection ealy for 60 18 meathe.'?

Study Design

This study was designed to determine whether the treatment of
newborn infants, young children, and pregnant women (and their fe-
nna)wnhndmeat d:ﬂ‘erunagu mddumgd:ﬂ'ermt trimesters of
preguancy would impro mdmauldevdopnmt.
cmparedwahthedmlopmofwhomo(olderduldren had
not previously received jodine supplementation. The study was ap-
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proved by the institutional review board of Duke University. All the
parents gave oral -informed consent: 2 Uighur-speaking physician
was part of the tcam at all times.

The study subjects were 689 children (169 from 2 to 3 years old,
171 from 1 to 2 years old, 170 from 3 to 12 months old, and 179 new-
borns less than 3 months old) and 295 pregnant women (48 in the
first trimester, defined as more than six months before delivery; 99 in
the second trimester, defined as three to six months before delivery;
and 148 in the third trimester, defined as three months or less before
delivery). Two sets of twins were born to women treated during preg-
nancy. There was no specific provision for a group of women ta re-
ceive jodine before conception, but during the course of the study it
was found that this had occurred in the cases of 13 women. Nearly
all eligible children and women in the cight study villages partici-
pated; there was no evidence to suggest any systematic selection
bias. The interval from iodine treatment until delivery was used to
define the trimester of treatment. Approximately equal numbers of
Pregnasit women were gven-oral wod.ae treatment at oae of two spe-

" cific ure:s, June wnd owemozy, in <rder o balance any seasonal

effect.

The €39 children, their mothers, and the 295 pregnant women
were treated with oral iodinated oil (400 mg of iodine for adults, 50
mg for children up to 12 months of age, and 200 mg for older chil-
dren) at the time of their first encounter with the study physicians;
all the subjects were treated again at six-month or annual reevalua-
tions, including Those first treated in utero. Todinated oil was imed un-
dl late 1991, when the treatment was changed because the govern-
ment began to supply tablets containing 0.1 mg of potassium jodide,
one of which was to be taken daily for four days each year; this
change had a critical effect only for women treated during the first
trimester, who were the last group to be enrolled. Cohorts of infants
whose mothers received iodine during the first, second, or third tri-
mesters were compared; they were also compared with groups of
children up to three years of age who were examined before weat-
ment; these children served as comro! subjects. There were no un-
treated controf groups.

In preuminat s ssuues, 5U chuidren 2 to is vczrs of age with clini-

cally d;s-ﬂosed cretinism were examined to determine the character-
istice of ¥l T . dis: - : *- those with the mast
severe m~or die~bilies hod «bo masviomses iz=acephaly. The 3 chil-
dren with quadriplegia had head-circumference values 9,4.7,and 4.3
SD below the U.S. norms; the 13 children with severe cretinism who

& ekl repinn Io ok

. were able to walk had a mean head circumference 3.1 SD beiow the

norm; 8 other children who had hypotonia ar ataxia had a mean head
circumference 2.1 SD below the norm; and the 6 mildly affected chil-
dren were normocephalic.

Urinary iodine excretion (measured in random samples) and se-
rum 1hvroxme and thyrotropin concentrations were measured in the
pregnant women before treatment. Urinary iodine excretion and se-

" rum thyroxine concentrations decreased and serum thyrotropin con-

centrations increased during the course of pregnancy. These findi
replicate others in jodine-deficient populauons" and suggest that the
‘transfer of iodine to the fetus puts increasing stress on maternal pi-
tuitary-thyroid function.

"'hecnﬁarmme\'annted ev:rysumamuotever)yenwuh
Measuftiming v acigin, wripni. anu besn arcomference; physical
and neurologic examinations; asscssments of the attainment of devel-
opmental milestones; and measurements of serum thyroxine and thy-
rotropin and urinary iodine excretion. The examinations were per-
fwncdb)twnph)mmdﬁmmeuwwbeame
skilled at one part of the examination. In any age group, not all chil-
drmhadanampufamd,%m&nmn

cial responsiveness, extraocular mevements, muscle tone, refiexes,
motoc strength, gross- and fine-motor skills, vocalization, and stance
and gait. The children were classified as having moderate or severe
ahcmhm(deﬁmdn«mahmdmuxk mne,rcﬂues,abihty

to‘a*nand, gait, hand use, extraocular mewements, vision, hear-
ing, or rcsponxwmess}, having mild abnormalities (no definite abnor-
xnahnes, but a delay in the attainment oFf milegtones or dccmued
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" activity); or normal. The asscssments were made independently by

the same two phvsxcsam throughout the study; differences were rec.
onciled by joint review of the records. The examiners were aware of
the patients’ treatment status but did not know, in general, the time
of reatment.

Measuremeants of Head Clrcumference

Head circumference can be easily and precisely measured and
correlates with brain growth (between 33 and 44 cm, head circum-
ference correlates nearly linearly with brain weight'?) and the mid-
childhood intelligence quotient.® We normalized the head-circumfer-
ence data for age and sex by calculating standard deviations from the
mean (z score) as the index variable, using U.S. norms.?' In the Tus-
ala population, the mean head circumference of young children devi-
ates increasingly below U.S. norms with increasing age, making it es-
sential t0 compare groups of children at the same ages. Standard

deviations for head-circumference values were plotted against age; .

semilogarithmic regression curves fusing the natural logarithm of
age} were: empmuy fitted to the data. Student’s t-test was used to
compare te-acar: for 2iilerent groups at the same age. Head-cir-
cumfersnes data for the traatad newborns were compared with neu-
rdog:cammmlb:ncubompenod(hnhwthmmonms)mdu

one year of age. The prevalence of microcephaly (defined as a head

circumference more than 3 SD below the US. mma12w2‘2
mchs)w:sulmhxcdforuchm I T

Developmental Testing S e e Tae

Developmental quotients were derived from individual asscasments
when the children were about 24 months of age; these consisted of
developmental tasks in four subject areas: fine-motor skills, gross-
motor skills, cognitive development, and language skilla. Test iterns
were taken from the Bayley Scales of Infant Development (1963 edi-
tion}.2 In each subject area, items within 6 months above and baow
the 24-month level were used; that is, the assessment included devel-
opmental milestones from 18 to 30 months of age. The test items and
materizls wers 2mtrativ, salerful, and not specific to any cu!mrc,
and the assessment was brief {10 to 15 minutes). After field testing in
Hotim, maporaeriate items were deicted. Tne most advanced rasks
the chiid was aoie 10 periorm successtuliv 1n each area were used to
calculaic an average gevelopmental age, and a ratio was derived {de-
velopmental age - chronological a3ge X 100) as an index of overall
development. U.S. norms were used for scoring.

REsuLTs
Mortality

Follow-up information was obtained for 89 percent of
the infants given jodine in the postnatal study and for
96 percent of the infants whose mothers received iodine

Table 1. Outcomes of Pregnancies in Women Treated with
lodine, According 1o the Timing of Treatment.

- Beroes Fost SECOND Twro
Ourrosse Concernion  TaMESTER  TamssTER TRIMESTER
Ly T
ac, of pregrancies
Toual i3 43 99 148
Abortion 1 6 1 2
Fetal desth 3 10 ] 7
Not pregnant or jost t: ] 4 1] 2
follow-up®
Thamsd % = - % &
- -
W L4 4014) I &¢5) 1016y
Modersie or severe 00 o0 20 D 4@

*ladicaten. wannes esiginally ensoliad who lsiar svoved. 20k W be pregasst or wese W
follow-ap.

Mild and modersie s severe abnarmalities were by deSaition those i chikiren with b
sormal scercioic sams.

~
n




" was no difference in the prevalence
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during pregnancy; the data includ-
ed fetal loss and postnatal mortali-
ty (Table 1). Thé rates of fetal loss
and misdiagnosis of pregnancy were
higher among the women treated in
the frst trimester. Fetal or neonatal
morlaht) did not differ significantly
in the second- and thlrd-trlmcstcr

groups.
Neurologic Findings

a5r

201
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Neurofogic Abnormality (%)
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The neurologic findings in each ]
study group are shown in Figure 1.
The untreated two-to-three-year-
olds and the_ one-to-two-year-uids
(i.c., those who were evaluated oe-
fore treatment) served as historical
controls. lodine treatment at 3 to 12
months of age, during the neonatal

_period (birth to 3 months), or dur-

ing the third trimester had no effect
on neurologic outcome as assessed
at one to two years of age. There

8

of moderate or severe abnormalities
in the infants treated early in the
third trimester (3 to 1.5 months be-
fore delivery) and those treated late
in that trimester (less than 1.5
months before delivery), but mild
abnormalities were less frequent in
those treated early in the third tri-
mester. Jodine treatment during the
second or first trimester was asso-

%3!}%

104

Microcephaly (%)

No. of children

Fnrst Second First Sec- <3 3-12
ti-  hatf ond Months Months
mester hatt
Nttt gttt

Trirc mmasier
Treated

74 63 167 130 161 157

12-24 24-36
Months Months
mester

Untreated
28 -]

During pregnancy

ciated with a substantially better
neurologic outcome at the age of
.one 1o two years, as compared with
" the outcome in untreated infants of
the same age. Among the 120 in-
fants whose mothers were treated in
the first or second trimester, the
prevalence of moderate or severe
neurologic abnormalities was 2 per-
cent, as compared with 9 percent
(P =0.008) among the 752 infants
treated in the third trimester or ai-
ter delivery.

No. of children

Fm Second First Sec- <3 3-12
tri-  hatf ond Months Months
mestcr - mester

[SS—'

Third trimester
Treated -~ Untreated -
74 &3 167 41 70

12-24
Months

2 81

Figure 1. Rates of Neurologic Abnormality and Mlcrocephaly at 1 to 2 Years of Age
in Untreated Children and in Children Treated with lodine Prenatally or up to 1 Year
aftar Birth and Rates of Neurologic Abnomality in Untreated Children 24 to 36

Months of Age.

in the upper panel, the solid bars indicate moderata or severe neurologic abnormal-
itiee, and the open bars mig
P9 001 for the comparison with cilidran traatad Iatar and untreated children. in the

nbnovmaiiius. The astarisk Indicates

fower panel, microcephaly'is defined as a head circumfargnce more man 3 SU beiow

Head Circumlerence

Among untreated newborns, the

mean head circumference was sig-
nificantly smaller in neurologically
. aboormal infants (Fig. 2). This difference increased de-
spite treatment during the first postnatal year in the in-
fants with moderate or severe neurologic abnormalities.
In previously untreated infants who were first exam-
ined at one to three years of age, the values for median.
head circumference were lower and the prevalence of
microcephaly was 25 to 28 percent. Children whose
mothers were treated during the third trimester of
pregnancy or after delivery had no greater head g‘cw&h

the U.S. mean at 12 to 22 months of age. The asterisk indicates P=0.006 for the
comparison with children treated later and untreated children. The numbers balow
Mepanelsindncatemenm\berofdﬂldrenh.achgmup

than. untreated children up to 12 months of age, but
thereafter they appesred to have maderately greater

gmﬂxmﬂd:uuum&duhg&emdm
had a statistically significant increase in head circum-
ference as compared with the untreated children; their
median head circomference was (1.4 SD below

" the U.S. mean, P<0.001), and the prevalence of micro-

cephaly was lower (11 percent, vs. 27 percent in those
treated later; P=0.006). The results for the children
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whose mothers were treated during the first trimester
are discussed below.

Assessments of Developmental Milestones

Altogether, 404 children had developmental testing
at about two years of age (Table 2). The group whose
mothers received iodine during the second trimester of
pregnancy, including 18 children whose mothers were
treated six months before delivery, had a mean (%SD)
developmental score that was significantly higher than
that in the untreated group (30%14 vs. 75x18). The
group whose mothers ieceived iodine during the third
trimester, the group treated as newborns, and the

* Age {months)
(1] 4 12 12 months
. o b
T"‘
- ““
\“
I “‘
€ - a4l
05 "'\ ‘.'\ \.\ 4
j “‘ . .‘q
z NN
o % *, Al
Q kY Yo
L 0 .
o 5  J
122 s
2 '.‘ [ B
2 kY
. E %
3 4 kY t
-g “l
(& o
3 3
]
I _j.
. ) [ IR
@ Midly abnomnal
1 @ WModeratsly or &

Figure 2. Mean Head Circumfarance of Infants Rated Ne:

ically Normaf (130 Children)}, Mildly Abnormal (26 Chiidren), or
Moderately or Sevarsly Abnormat (11 Children} When Examined
as Newboms (Birth to 3 Months of Age) and at 12 Months of Age.
All the infants received lodins at the tima of the first examination.
The mean head circumierence.of the nomal infants was signif-
icantty larger at both ages than that of the infants witfr abnonmal-

 itios (P=0.005). The right-hamet column shows the mean head

circianiesence at 12 montiss of 29e among children whose motis-
ers ware troated dusing the first (1), second (1), and third (111} tri-
mesters of pregnancy snd who were neurologically normal, miid-
ty abnormal, or modarately or seversiy sbnomal. Here sisa the
mean head circumierence of the normat intanis was significanty
larger than that of the infants with abnormafities (P =0.005).
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Table 2. Results of Developmental Testing at Two
Years of Age among Untreated Children and Chil-
dran Trsated with icding bafore Two Years of Age.

DeveLorwes-  No. of

TIMING OF TREATMENT TAL QUOTIENT® ChitoeiN P Varuet

mesn =SD
Treated during pregnancy 8314 184 0.007
First trimester Ti=1t 28 05
Second trimester 9014 71 <0.00!
Third trimester =15 8s. 0.08 -~
Treated a5 pewbomns (birth ~ 79=10 90 0.10
0l mo) ‘
Treated 3-12 mo after de- . 80=8 93 0.06
livery
Untreazed (2-year-olds) 75=18 37 _
Total - 404 —

“By compansos wxh UK. sorms (mems [ =SDL m;m }
Ty the comparisos o ach proup & 24 months with the sotreaied
prout:, by Student's et

group treated at 3 to 12 months had slightly higher
scores than the untreated group (P=0.06 to 0.10). The
group whose mothers were treated during the first tri-
mester had a mean score similar to-that of the untreat-
ed group. The developmental test results were not af-
fected by the sex of the child, the mother’s age at
delivery, or the presence of goiter in the mother.

Chiidren of Mothers Treated during the First Trimester

The, group of children whose mothers were-treated
during the first trimester of pregnancy (more than six
months bejore delivery) was the last recruited, because
special efforts were necessary tc identify women in ear-
ly pregnancy, inciuaing tne use of urine pregnancy

tests, Women were also sought in adjoining towns sim- .

ilar to Tusala. All these womeén were treated with po-
tassium iodide tablets, which contained only a small
amount of potassium iodide (0.1 mg), to be taken once
daily for four days; data on compliance and the dura-
tion of effectiveness are lacking. As compared with the
18 children born to mothers who were treated six
months before delivery (10 with tablets), the children
whose mothers were treated earlier had a smaller mean
head circumference, lower mean developmental quo-
tient, and smaller stature (Table 3). Four of those 28
children had mild neurologic abnormalities, as com-
pared with none of the group treated at six months.

DISCUSSION

We have shown that the administration of iodine to
pregnant women during the second trimester of preg-
nancy improved neurologic and psychological develop-
ment in their children, as indicated by three independ-
ent measures of development at two years of age; the
malities, increased head growth, and an impraved de-
velopmental quotient. Treatment after the begimming of
the third trimester was nat associated with improve-

- ment in neurologic status, but head graowth after one

year of age and developmental quotients may have im-
proved somewhat. These results suggest that iodine de-

s
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Table 3. Resuits in Children Whose Mothers Received lodine Six-

Months or More before Delivery.«

Heap - No wrti Mo
Tudz oF TREATMENT Circum- NEUROLOGIC
(MO SLFORE DELIVERY}  NO. PERENCE DQ HEIGHT  ABNORMALITY
6(ncludedinsecond 18 -15:11 8828 -25208 O
trimester) .
>6-7 B 10 -19*12 TIx9 ~35+08 1
>7-8 10 -28%13 76=11 -2.6*09 1
>89 3 ~-26x14 TIZI6 -3.7223 2
P value (6 vs. —_ 0.02¢ <0.001t  0.04¢ 0.20%
>6~9 mo)
*Head circumference and height are xp d ia deviat fmmdtU.Smn
for children of the same age. DQ denotes devel For -

mhmmmmwmuhunmdmdumhdmwm

By Studeat’s t4es. -

ficiency at the beginning of the third trimester causes
irreversible abnormalities in head growth and neuro-
logic development. Although it did not improve neuro-
logic development, treatment during the third trimester
or during the newborn period was associated with a
trend toward higher developmental scores (as com-

pared with those in untreated infants) and a slightly-

larger mean head circumference after one year of age.

Thus, the effect of treatment on these measures may-

last longer (through the first postnatal year) than its
effects on earlier head circumference and neurologic
status.

The women treated during the first trimester of
pregnancy received an inadequate amount of jodine,
because of the change in the form =f
supplementation from iodinated oil
to oral tablets. One tablet, contain-
ing 0.1 mg of potassium iodide, was
to be taken daily for four days; these

A fm e b
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brain weight and protein content, correlating with cell
diiferentiation, is most rapid during the third trimes-
ter. Thus, iodine deficiency in the third trimester
could explain postnatal microcephaly. A critical event
carly in the third trimester also appears to limit later
brain growth, since later treatment caused only slight
and delayed catch-up increases in head circumference.
‘In summary, a thyroxine-dependent event, important
for subsequent brain growth and néuromotor develop-
ment, may occur during a fairly narrow period at the
beginning of the third trimester. Intcrcstmgly, treat-
ment with iodine during the third trimester or the neo-
natal period appears to cause increased head growth
that begins only after one year of age (Fig. 3); this sug-
gests that a second critical thyroxine-dependent event
in the newborn period may determine brain growth
that becomes evident only much jater and that this
event is therefore important for mentai deveiopment.
In iodine-deficient sheep fetuses treated with iodine
or thyroxine at the end of the second trimester (100
days), histologic examination of the brain at 140 days
showed overall improvement after treatment, but some
defects, including impaired synaptogenesis, were not
corrected.?” In a study in which women received injec-
tions of iodized oil, cretinism was prevented by injec-
tions before conception but not thereafter,? leading to
---the-conclusion that iodine deficiency has crucial effects
- in the first trimester of pregnancy. In that study,
among 90 women treated during pregnancy, the chil-
dren of 5 had cretinism; 4 of the mothers were treated
at approximately 26, 30, 32, and 36 weeks of gestation
and | at approximately 13 weeks. Fetal ages were esti-

Age (months)

were often not taken under supervi-

pervised dose explains the finding
that treatment during the first tri-
mester was associated with poorer
outcomes in the children; outcomes
were worse the  earlier treatment
was given. This inadequate treat-

ment appears to have had a favor- -2r

able effect on neuromotor develop-

ment, but not on later brain growth v

or developmental scores. l.
On the basis of experimental stud- -3

Head Circumference (SD below U.S. norm)

ies it appears that thyroxine primar-
ily affects neuronal differentiation,
the formation of neural processes,
and synaptogenesis.®* In human
fetuses, the praliferation of neurons
for the cerebral cortex, cochlea, and
basal ganglia (structures implicated e
in the deficits that characterize cre- o
tinism*3®) occurs mostly during the-
secand trithester. The increase in

Treated in sacond trimester (n = 92)

.................

Treated in third

e,
..,
‘e

-----
.......................

Untreated (n = 63)

Figure 3. Mean Growth in Head Circumference among Untreated Children and
) among Children Treated with lodine, According to Time of Treatment.

The groups include children treated during the newborn period (those less than
these months: of age) and thoss whose mothers were treated during the first, sec-
 ond, orthird trimester of
number of stancard devistions (z score) below the U.S. norm.?* The curves are

Mears head circumference is axpressed as the
curves that best fit the data (SD for head circumference

logarithmic regreesion
vs. the natural log of postnatal age in months). The bars show the standard errors
of the mean values. The numbers given for the: untreated childran represant ditfecent

groups assessad at diffecant ages. -

trimester (n= 137) l
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mated retrospectively and were imprecise, since in this
population exact birth dates were not noted. These
results do not contradict ours; treatment during the
third trimester was not protective, and only one case
of cretinism resulted after apparently timely treatment
(at 13 weeks). Some have expressed concern about pos-
sible harm to the fetus from transient hypothyroidism
after treatment with large doses of iodine late in the
third trimaster.” Our results do not suggest such a
problem.

Qur findings have practical xmphcanons for fodine
prophylaxis. It is obviously preferable to start provid-
ing iodine before pregnancy and to provide it continu-
ally. In Hotien, for example, we developed a technique
of adding potassium iodate to irrigation water to pro-
vide iodine on an ongoing basis to the entire popula-
tion.®

We are indebted to Stephen George, Ph.D,, for statistical assist-
ance; to Lu Ti-zhang, M.D,, for the biochemnical measurements; to
John Stanbury, M.D,, for his strong support; and 1o the many Ui-
ghur and Chinese pcoplc who willingly assisted the project in
many ways. .
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